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Objective To investigate whether patterns of swallowing difficulties were associated with the location of the brain 
lesion, cognitive function, and severity of stroke in stroke patients. 

Method Seventy-six patients with first-time acute stroke were included in the present investigation. Swallowing- 
related parameters, which were assessed videofluoroscopically, included impairment of lip closure, decreased 
tongue movement, amount of oral remnant, premature loss of food material, delay in oral transit time, laryngeal 
elevation, delay in pharyngeal triggering time, presence of penetration or aspiration, and the amount of vallecular 
and pyriform sinus remnants. The locations of brain lesions were classified into the frontal, parietotemporal, 
subcortical, medulla, pons, and cerebellum. The degree of cognitive impairment and the severity of stroke were 
assessed by the Mini Mental Status Examination (MMSE) and the National Institute of Health Stroke Scale (NIHSS), 
respectively. 

Results An insufficient laryngeal elevation, the amount of pyriform sinus, and vallecular space remnant in 
addition to the incidence of aspiration were correlated with medullary infarction. Other swallowing parameters 
were not related to lesion topology. Lip closure dysfunction, decreased tongue movement, increased oral remnant 
and premature loss were associated with low MMSE scores. A delayed oral transit time were associated with NIHSS 
scores. 

Conclusion In-coordination of the lip, the tongue, and the oropharynx were associated with the degree of 
cognitive impairment and the stroke severity rather than with the location of the lesion, whereas incomplete 
laryngeal elevation and aspiration were predominant in medullary lesions. 
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INTRODUCTION 

Post-stroke dysphagia is a very common problem; 
previous studies have reported that 50% of acute stroke 
patients experience dysphagia. 1,2 The rate of ongoing 
dysphagia differs depending on the method used to as- 
sess the patients. A clinical assessment done 6 months 
after a stroke revealed that 6-11% of patients still experi- 
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enced symptoms of dysphagia, 3,4 and when assessed with 
a videofluoroscopic swallowing study (VFSS), 28-50% 
of the patients were confirmed to have dysphagia. 4 It is 
recognized that for many patients, dysphagia is transient 
and resolves spontaneously after stroke. 3 It is known that 
swallowing problems following acute stroke are common, 
and it has been documented that dysphagia in these 
patients may persist, resolve and then recur, or develop 
later in their history. 3,4 Patients with dysphagia have a 
high incidence of malnutrition, dehydration, aspiration 
pneumonia, and mortality. 0 Hence it is very important to 
assess patient for dysphagia inthe initial stages of stroke. 5 
Dysphagia in stroke patients causes enormous prob- 
lems such the aforementioned complications, but many 
aspects of the neurophysiological mechanism of dys- 
phagia have not yet been revealed. Even though it is 
an established fact that cerebral cortical infarction can 
cause dysphagia, it is still controversial which of the two 
hemispheres has a more important role in swallowing, 
and which hemisphere that is injured is likely to cause 
the specific patterns of dysphagia seen in stroke patients. 6 
Patients with lesions in the left hemisphere usually have 
problems in the oral phase, however patients with le- 
sions in the right hemisphere exhibit problems with the 
pharyngeal phase and in particular, with aspiration. 6,7 
Furthermore, dysphagia lasts longer in those who have 
lesions in the right hemisphere than in the left. 3 On the 
other hand, some other studies have shown no laterality 
by lesion location. 8 A few previous studies reported that 
in brain stem lesions cases, impairment of the pharynge- 
al stage clearly is associated with this type of lesion, with 
the higher potential of having decreased laryngeal eleva- 
tion and pharyngeal triggering time delay, 9 and impair- 
ment of upper esophageal sphincter opening occurring 
in lateral medullary lesion. 10 Nevertheless, other studies 
have reported that brain stem and cerebellar lesions have 
no statistical significant association with the incidence of 
dysphagia. 11 13 As well, many conflicting studies about the 
lesion location and pattern of dysphagia relationship ex- 
ist. 

There is an argument that aphasia and hemineglect 
may also be related to dysphagia along with the lesion 
location. 7 It was demonstrated that hemispatial neglect 
is related to initial dysphagia, but aphasia is unrelated 
to initial dysphagia. 14 Therefore, the effect of lesion loca- 
tion and cognitive impairment of stroke patients on the 



patterns of dysphagia is still not clear, and in most of the 
studies about dysphagia, patients with aphasia and se- 
vere cognitive impairment were excluded; so there is a 
possibility that the relationships between those factors 
and dysphagia have not been properly assessed. 

The purpose of this study was to study the patterns of 
dysphagia in every swallowing phase with VFSS, and to 
determine which factors, including lesion location, cog- 
nitive function, clinical characteristics (age, gender, and 
severity of stroke) are associated with the patterns of dys- 
phagiain stroke patients. 

MATERIALS AND METHODS 

Subjects 

Subjects of this study were the acute and subacute 
stroke patients who had undergone a VFSS in the Physi- 
cal Medicine & Rehabilitation Department from Janu- 
ary 2009 to December 2010 in Korea University Anam 
Medical Center. VFSS was done to screen for dysphagia 
or when a patient was referred for evaluation of swallow- 
ing difficulty. The diagnosis of stroke was limited to the 
cases in which cerebral infarction or hemorrhage had 
been verified by computed tomography (CT) or mag- 
netic resonance imaging (MRI). Among them, patients 
with bilateral stroke, other diseases which could cause 
dysphagia, a previous history of old stroke or dementia, 
missing results of CT or MRI, and lesions which could not 
be classified such as subarachnoid hemorrhage (SAH) 
were excluded from the study. Patients whose VFSS were 
performed more than 30 days after stroke onset and 
those who were unable to perform an appropriate study 
due to their poor cooperation were also excluded from 
the study. Exclusion criteria also included cases in which 
the duration between the K-NIHSS and VFSS evaluations, 
and the K-MMSE and VFSS evaluations was longer than 2 
weeks. A total of 76 patients satisfied the criteria and were 
chosen for study, and the data about these patients were 
collected retrospectively from the medical records. 

Methods 

Review of the medical records: The medical records 
and test results of the patients were reviewed retrospec- 
tively and their demographic and clinical characteristics 
were recorded parameters, such as the patient's age, 
gender, brain lesion laterality (left or right), type of stroke 
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(ischemic or hemorrhagic), duration between onset of 
stroke and the performance of VFSS (number of days), 
initial severity of stroke as recorded according to the Ko- 
rean version of the National Institutes of Health Stroke 
Scale (K-NIHSS) 15 ' 16 and duration between K-NIHSS and 
VFSS evaluations were investigated. Results of the Ko- 
rean version of the Mini-Mental Status Examination (K- 
MMSE), 17 " 19 which assessed the patient's cognitive func- 
tion, were examined and duration between K-MMSE and 
VFSS evaluations was checked; the results of the Korean 
version of the modified Barthel Index (K-MBI), 20,21 which 
assesses the independent performance of daily living ac- 
tivities, were also investigated. The K-NIHSS and MMSE 
scores of the tests that had been performed most closely 
to the date of the VFSS were chosen and included in the 
study. 

Videofluoroscopic swallowing study: Physical Medi- 
cine and Rehabilitation department conducted the VFSS 
by following a partly modified Logerman's. 22 Subjects 
were seated then the fluoroscopy was performed as the 
patients swallowed barium mixed with orange juice, 
yogurt, thick gruel and rice. The studies carried out with 
the orange juice and yogurt were done with 2 different 
volumes, 2 and 5 ml. Each of the food was mixed with 
undiluted liquid barium for the proper bolus observation 
during the fluoroscopy. And when necessary, postural 
changes such as chin tuck positioning, head rotation, 
and head tilting or swallowing maneuvers such as supra- 
glottic swallowing and the Mendelsohn maneuver were 
employed. 

Interpretation of VFSS: In the oral phase, functions 
such as lip closure, bolus formation, mastication, tongue 
base contact to the pharyngeal wall, tongue thrust, and 
premature bolus loss along with the oral transit time of 
the bolus were assessed. In the pharyngeal phase, laryn- 
geal elevation or epiglottic movement, aspiration or pen- 
etration of the respiratory tract, remnants of vallecular 
space and pyriform sinus after swallowing were assessed, 
and pharyngeal transit time of the bolus, pharyngeal trig- 
gering time until the swallowing reflex appeared were 
observed. Each individual finding was assessed based 
on the presence or absence of an abnormal finding. Less 
than 1.25 seconds was considered a normal transit time 
of the bolus in the oral phase, and when it took longer, 
was judged abnormal. When the food entered the respi- 
ratory tract but did not pass into the true vocal fold, it was 



determined to be penetration, when the food otherwise 
passed into the true vocal fold, it was determined to be 
aspiration. As for pharyngeal triggering time, determined 
to be the time until the swallowing reflex appearance, 
a time of less than 0.4 seconds was considered normal. 
With respect to the pharyngeal transit time, less than 1 
second was considered normal. The amount of remnants 
in the vallecular space and pyriform sinus were assessed 
as minimal, moderate and large; a minimal amount was 
considered to be normal and moderate and large amount 
were considered to be abnormal. We concluded the oral 
phase to be problematic if there was at least one lip clo- 
sure abnormality in, tongue movement, oral remnant, 
premature loss, or oral transit time, and the pharyngeal 
phase to be dysfunctional if there were more than one 
abnormality in laryngeal elevation, pharyngeal triggering 
time, vallecular space or pyriform sinus remnant, pen- 
etration, or aspiration. 

Classification of brain lesion location: After analyz- 
ing the results of the brain CT or MRIs of the patients 
upon their visit to the hospital, the lesions were classified 
into two main divisions, supratentorial and infratento- 
rial. Lesion location classification was conducted using 
Steinhagen's method, and among the lesion classifica- 
tions, lesions involving the upper motor neurons of the 
cranial nerves were excluded because it is difficult to 
differentiate those from pontine infarction using MRI. 10 
The supratentorial lesions were divided into frontal lobe, 
parietotemporal lobe, and subcortical lesions, and the 
infratentorial lesions were divided into the pontine, 
medullary, and cerebellar lesions. Altogether there were 
6 types of lesions. Lesions located in more than one posi- 
tion were multi-counted. 

Statistical analysis 

In the 6 groups that were formed on the basis of lesion 
locations, in order to assess whether clinical charac- 
teristics such as lesion location, laterality (left or right), 
gender, age, cognitive impairment and severity of stroke 
were independent variables in predicting the patterns of 
dysphagia, while controlling other possible confound- 
ing variables, corresponding rates of the findings were 
calculated. In order to achieve this, we set each VFSS 
finding as an independent variable, and the correspond- 
ing rate of each, 95% confidence interval and equivalent 
p -value, which was calculated with a multivariate logistic 
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regression analysis method. A p-value of less than 0.05 
was considered statistically significant. For all statistical 
analyses, SPSS for Windows 15.0 was used. 

RESULTS 

Among the 76 patients, 41 were male and 35 were fe- 
male with a mean age of 66.4±10.9 years. The median 
duration from onset of stroke to VFSS was 12 days. The 
median time interval between K-NIHSS evaluation and 
VFSS was 2 days, and the time interval between MMSE 
evaluation and VFSS was 2 days. 

The demographic and clinical characteristics of the 76 
patients are shown in Table 1, and the characteristics 
of the 6 groups which had been classified by location of 
brain lesion are shown in Table 2. 

One of the most important aspects of dysphagia is aspi- 
ration into the respiratory tract; the aspiration frequency 
rates in the 6 groups in descending order were as follows: 
medulla (45.5%), parietotempotal lobe (26.9%), frontal 



Table 1. Demographic and Clinical Characteristics of 76 
Patients 



Patient characteristics 


Sex (F/M), number 


35/41 


Age, years, mean±SD 


66.4±10.9 


Laterality (right/left), number 


40/36 


Stroke type (ischemic/hemorrhagic), 
number 


60/16 


Interval between onset of stroke and VFSS, 
days, median (minimum-maximum) 


12 (2-30) 


Interval between VFSS and K-NIHSS, days, 
median (minimum-maximum) 


2(0-13) 


Interval between VFSS and K-MMSE, days, 
median (minimum-maximum) 


2(0-13) 


K-NIHSS, median (minimum-maximum) 


5(0-17) 


K-MMSE, median (minimum-maximum) 


21.5(0-30) 


K-MBI, median (minimum-maximum) 


44 (0-100) 



K-NIHSS: Korean version of National Institutes of Health 
Stroke Scale, VFSS: Videofluoroscopic swallowing study, 
K-MMSE: Korean version of Mini Mental Status Examina- 
tion, K-MBI: Korean version of modified Barthel Index 



Table 2. Demographic and Clinical Characteristics of 6 Subgroups (n=76) 



Patient characteristics 


Frontal 


Parieto- 
temporal 


Subcortical 


Medulla 


Pons 


Cerebellum 


Number* 


13(2) 


26 (10) 


37 (23) 


11(10) 


13(12) 


6(2) 


Age, years (Mean±SD) 


58.5±12.2 


63.8±12.6 


67.3±11.5 


61.8±8.3 


70.1±8.9 


68.2±2.5 


Sex(male/female), number 


9/4 


17/9 


18/19 


6/5 


6/7 


1/5 


Laterality (right/left), number 


7/6 


12/14 


19/18 


6/5 


9/4 


3/3 


Stroke type (ischemic/ 
hemorrhagic), number 


7/6 


19/7 


27/10 


11/0 


12/1 


5/2 


Interval between onset of stroke 
and VFSS, days, median 


21 (6-28) 


14.5 (4-29) 


13 (3-30) 


8(2-18) 


8(2-21) 


14.5(12-25) 


(minimum-maximum) 














Interval between VFSS and K- 
NIHSS, days, median 


1 (0-6) 


2(0-10) 


2(0-13) 


4(0-13) 


2(0-7) 


2.5(1-11) 


(minimum-maximum) 














Interval between VFSS and K- 
MMSE, days, median 


2 (0-6) 


2(0-10) 


2(0-13) 


4 (0-6) 


3(1-7) 


4 (0-9) 


(minimum-maximum) 














K-NIHSS median 


10(4-17) 


9.5 (0-16) 


7(0-15) 


2 (0-3) 


4(0-9) 


4(1-12) 


(minimum-maximum) 














K-MMSE median 


21 (0-27) 


16 (0-28) 


19 (0-30) 


28 (20-30) 


24(11-30) 


16 (0-29) 


(minimum-maximum) 














K-MBI median 


28 (0-68) 


28 (4-91) 


34 (2-90) 


85 (27-100) 


64 (2-100) 


49.5 (2-65) 


(minimum-maximum) 















K-NIHSS: Korean version of National Institute of Health Stroke Scale, VFSS: Videofluoroscopic swallowing study, K- 
MMSE: Korean version of Mini Mental Status Examination, K-MBI: Korean version of modified Barthel Index 
*Number of patients with combined (isolated) infarction in the referring brain lesion 
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lobe (24.0%), pons (23.1%), cerebellum (16.6%), and sub- 
cortical lesion (13.5%) (Fig. 1). Among the groups that 
had been classified by lesion location, the incidence of 
aspiration was the highest in the medulla group (45.5%). 
Amongst the supratentorial lesions, aspiration incidence 
was highest in the parietotemporal lobe lesions. 

Additionally, it was apparent that lesion laterality had 
no association with any of the measures of dysphagia. 

From the results of VFSS, factors relevant to dysphagia 
in the oral phase are described in Table 3. Dysphagia 
patterns in the oral phase had no relation to brain lesion 
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Fig. 1. Frequency of aspiration according to the brain le- 
sion. The aspiration frequency rates in the 6 groups in 
a descending order were as follows: medulla (45.5%), 
parietotempotal lobe (26.9%), frontal lobe (24.0%), pons 
(23.1%), cerebellum (16.6%), and subcortical lesion 
(13.5%). P-T: Parietotemporal. 



location, but they were related to cognitive function and 
initial stroke severity. Lip closure dysfunction was related 
to the K-MMSE score (p=0.024). In other words, cogni- 
tive dysfunction was related to a higher incidence of lip 
closure dysfunction. There was a negative correlation 
between the incidence of tongue movement dysfunc- 
tion and the K-MMSE score (p=0.001). The volume of 
the remnants in oral cavity was related to the K-MMSE 
score (p=0.017). Prolongation of oral transit time was 
seen more frequently as the K-NIHSS score increased 
(p=0.018). The factor related to premature bolus loss into 
the pharynx was the K-MMSE score (p=0.007). 

In addition, factors which cause problems in the pha- 
ryngeal phase as observed with VFSS are described in 
Table 4. Problems in the pharyngeal phase were mainly 
related to medullary lesions. Decreased laryngeal el- 
evation was related to two lesion areas, the medulla 
(p=0.000) and the parietotemporal lobe (p=0.041). It was 
also related to the K-MMSE (p=0.005). Therefore, on the 
basis of these findings, we can predict that decreased 
laryngeal elevation is likely to occur in patients with 
cognitive dysfunction and in patients who have lesions 
in these two areas. Aspiration was more frequent in the 
patients with medullary lesions (p=0.001), aspiration in 
these patients was seen 8 times more frequently than in 
the other groups. There was an increase in the frequency 
of remnants in the pyriform sinus after swallowing in the 

Table 4. Factors Affecting Pharyngeal Phase of Swallow- 
ing: Multivariate Prediction Models - Logistic Regression 
Analysis 



tivariate Prediction Models - 


Logistic Regression Analysis 


Parameters 


OR 


95% CI 


p-value 


Parameters 


OR 


95% CI 


p-value 


Laryngeal elevation 








Lip closure 








Medulla 


35.199 


5.074-244.160 


0.000 


K-MMSE 


0.882 


0.791-0.984 


0.024 


Parietotemporal 


4.327 


1.061-17.638 


0.041 


Tongue movement 








K-MMSE 


0.894 


0.826-0.967 


0.005 


K-MMSE 


0.884 


0.823-0.950 


0.001 


Aspiration 








Oral remnant 








Medulla 


8.256 


2.236-39.854 


0.001 


K-MMSE 


0.877 


0.808-0.950 


0.017 


Vallecular remnant 








Oral transit time 








Parietotemporal 


5.000 


1.024-24.413 


0.047 


K-NIHSS 


1.253 


1.088-1.389 


0.018 


Medulla 


5.250 


1.032-26.696 


0.046 


Premature loss 








Pyriform sinus remnant 








K-MMSE 


0.925 


0.874-0.979 


0.007 


Medulla 


12.414 


1.501-102.700 


0.019 



K-MMSE: Korean version of Mini Mental Status Exami- 
nation, K-NIHSS: Korean version of National Institutes 
of Health Stroke Scale, OR: Odds ratio, CI: Confidence 
interval 



K-NIHSS: Korean Version of National Institutes of Health 
Stroke Scale, K-MMSE: Korean version of Mini Mental 
Status Examination, OR: Odds ratio, CI: Confidence in- 
terval 
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cases with the medullary lesion group (p=0.019). Related 
to frequency of remnants in the vallecular space, im- 
portantly related factors were the presence of two brain 
lesions, the parietotemporal lobe (p=0.047) and the me- 
dulla (p=0.046). With respect to the patient's gender, type 
of stroke (ischemic or hemorrhagic), and lesion lateral- 
ity, we were unable to show any statistical significance to 
predict dysphagia patterns. 

DISCUSSION 

Normal swallowing involves the harmonious coordina- 
tion of the oral, pharyngeal and esophageal phases. It 
has been argued that the location of a lesion is more im- 
portant than the size or laterality of a lesion in predicting 
aspiration. 

Studies related to dysphagia patterns in subcortical le- 
sions showed that the occurrence of dysphagia was more 
frequent in left subcortical-periventricular lesions than 
in the right-sided ones, and a prolongation of oral transit 
time was the main problem. 23 In a previous study, dys- 
phagia patterns were assessed using fiberoptic endoscop- 
ic evaluations of swallowing (FEES). The study revealed 
that oral apraxia was present in left parietotemporal lobe 
lesions, impairment of the upper esophageal sphincter 
opening was found in lateral medullary lesions, and oth- 
er swallowing measures had no relation to the location of 
the lesion. 10 

In contrast to this study, another study demonstrated 
that brain stem lesions showed no relation to dysphagia. 11 
Moreover, some other studies 12 ' 13 ' 24 demonstrated that 
brain stem and cerebellar lesions had no statistical sig- 
nificant association with a high incidence of dysphagia. 

Based on the results from the present study, we can 
draw a conclusion that the factors which affect the pha- 
ryngeal phase are the lesion location in the medulla and 
parietotemporal lobes. Similar to the findings of previ- 
ous studies, our study showed that brain stem lesions, 
especially medullary lesions, were an independent factor 
associated with decreased laryngeal elevation, increased 
aspiration, and increased volumes of remnants in the 
vallecular space and pyriform sinus after swallowing. It 
was again confirmed that the medullary lesion location 
plays a positively associated role with dysphagia in the 
pharyngeal phase and when confounding variables (such 
as patient's age, gender, stroke severity, and cognitive 



dysfunction) are controlled. 

Other than a medullary lesion, a parietotemporal lobe 
lesion turned out to be related to a reduced laryngeal el- 
evation and remnants in vallecular space. Patients with 
lesions in the parietotemporal lobe, showed a higher 
percentage of stroke in the middle cerebral artery area. 
In many circumstances, a lesion that occupies both the 
primary motor and sensory cortex has either a high pos- 
sibility of pharyngolaryngeal muscle hypomotility with 
dyskinesia or oral with pharyngeal sensory integration 
problems. This may demonstrate a reduced laryngeal ele- 
vation and remnants in the vallecular space for lesions in 
the pareitotemporal lobe cases. There also is a possibility 
that the involvement of corticobulbar tract, the fiber that 
connects the cerebral cortex and brainstem, may have 
caused the problem in laryngeal elevation. 

None of the other dysphagia variables could be pre- 
dicted on the basis of brain lesion location. In this study, 
most of the patients had lesions in multiple locations. As 
the lesion locations were multi- counted, the limitation 
of the present study was that the characteristics and the 
incidence of dysphagia between the groups could not be 
directly compared. 

Special attention should be paid to the factors involved 
in the prediction of dysphagia variables in the oral phase. 
The problems of the oral phase occurred more frequently 
when the initial stroke damage was more severe and cog- 
nitive dysfunction was of a greater degree. In other words, 
even though there may be no aspiration during pharyn- 
geal phase, failure of the tongue and lip to move harmo- 
niously together or a greatly prolonged oral transit time 
can be an important factor for considering the insertion 
of a nasogastric or gastrostomy tube in a patient to ensure 
adequate nutrition. The factor associated with lip closure 
dysfunction and decreased tongue movement in the oral 
phase was the K-MMSE score. Also prolonged oral transit 
time could correlate with the K-NIHSS score. Therefore, 
it would be appropriate to conclude that factors causing 
problems with swallowing in the oral phase are cognitive 
dysfunction, and the initial severity of stroke. Otherwise 
the brain lesion location has the least relation to oral 
phase dysfunction. 

It is well-known that in elderly patients, various physi- 
ologic changes resulting from aging and cognitive de- 
cline can bring about swallowing dysfunction. In older 
patients, delays in the transfer of the bolus through the 
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oropharynx, and problems in the opening of the upper 
esophageal sphincter may occur. 25 Esophageal motil- 
ity problems can also be associated with older age, and 
reduced lingual pressure, reduced tongue strength, mas- 
tication problems secondary to dentition issues, slower 
swallowing, and increased reflux events are also related 
to older age. 26,27 We considered that age could be poten- 
tially linked to swallowing dysfunction, but in our study, 
it was not a statistically significant factor for the VFSS pa- 
rameters. But age itself may act as an independent vari- 
able in causing dysphagia, so special attention is needed 
when assessing swallowing problems in elderly patients. 

In our study, we used the K-NIHSS for the evaluation 
of the initial severity of the stroke, but this scale was de- 
signed to assess supratentorial brain lesions, and for that 
reason the K-NIHSS might be a less appropriate scale for 
the assessment of dysphagia patients who have infraten- 
torial lesions. 28 

Additionally, since some items of the K-NIHSS relate to 
the cognitive function of the patient, 29 there is increased 
possibility that these patients with higher K-NIHSS scores 
have cognitive dysfunction. Given that the patients with 
high K-NIHSS tend to have dysphagia in the oral phase, 
cognitive function seems to be an important factor re- 
lated to dysphagia. To investigate the effect of cognitive 
function on dysphagia, our present study, unlike most of 
the other studies on stroke patients, included the cases in 
which the K-MMSE score was remarkably low. 

On the other hand, our study excluded cases in which 
the lesion location could not be classified according to 
our classification system, such as subarachnoid hemor- 
rhage and bilateral stroke. Subsequently, there may be a 
chance that our study eliminated cases of serious cogni- 
tive dysfunction or serious brain damage due to SAH or 
bilateral stroke. Therefore, we cannot exclude the pos- 
sibility that the impact of cognitive function or severity of 
stroke on dysphagia might have been underestimated in 
our study. Considering the afore-mentioned limitations 
along with the results from the present study, cognitive 
function could emerge as an important factor causing 
dysphagia in the oral phase. 

In our study, the patient's cognitive function was as- 
sessed with the K-MMSE, a test which is simply carried 
out along the bedside. Due to the simplicity of the test, 
our present study has the limitation that a definite con- 
clusion cannot be made about the domain of cognitive 



impairment that relates to dysphagia in the oral phase. 
In a study by Stephens et al., 30 in which the subjects' 
mean age was 80, the authors argued that since slight 
cognitive impairment cannot be entirely assessed by the 
MMSE, more specialized cognitive tests should be used, 
and poor attention has a relationship with the patient's 
functional prognosis. Therefore, there is a possibility that 
in our study the impact of cognitive function on the pat- 
terns of dysphagia might have been underestimated or 
distorted, because the patients with average K-MMSE 
scores in our study might have cognitive dysfunction in 
specific domains only accessible by specialized cogni- 
tive tests. In addition, another limitation of this study is 
the small number of subjects. When the size of subjects 
is small and if the subjects are analyzed by grouping, the 
possibility of error becomes higher. 

Therefore it will be necessary to explore the relation- 
ships between specific cognitive test results and patterns 
of dysphagia through prospective studies carried out in 
the future. 

CONCLUSION 

Post-stroke dysphagia is a problem which causes mal- 
nutrition, dehydration and aspiration pneumonia, and 
it is the main reason for patients to receive nutrition via 
the nasogastric tube and gastrostomy. In this study, par- 
ticularly in medullary lesions, pharyngeal problems such 
as aspiration, increase of remnants in the pyriform sinus 
after swallowing, and reduced laryngeal elevation were 
found. In brain lesions involving other areas, patterns 
of dysphagia cannot be predicted. The most important 
factor for predicting problems in the oral phase was the 
patient's cognitive function. 

When a patient's cognitive dysfunction is severe, the in- 
cidence of oral phase dysphagia, such as reduced tongue 
movement, increased oral remnants, premature bolus 
loss, increases; therefore, dysphagia assessment is im- 
portant not only for patients with a medullary lesion but 
also for patients who have cognitive impairment. 
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